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INVESTIGATION OF AERODYNAMIC CHARACTERISTICS IN PITCH
AND SIDESLIP OF A 45° SWEPTBACK-WING ATRPIANE
MODEL WITH VARIOUS VERTICAL LOCATTONS

OF WING AND HORIZONTAL TAITL

BASIC-DATA PRESENTATION, M = 2.01

By M. Ieroy Spearman, Cornelius Driver,
and William C. Hughes

SUMMARY

An investigation has been conducted in the langley L4- by L-foot
supersonic pressure tunnel to determine the effects of vertical location
of wing and horizontal tail on the aerodynamic characteristics in com-
bined pitch and sideslip of a supersonic airplane configuration at a
Mach number of 2.0l1. Both the wing and the horizontal tail were swept
back 45° and had an aspect ratio of 4. The wing had a taper ratio
of 0.2 with NACA 65A004 sections whereas the horizontal tail had a
taper ratio of O.4 with NACA 65A006 sections. Directional stability
was provided by a slab-type vertical tail with a small ventral fin.

The configurations investigated included a high-wing, a midwing,
and a low-wing arrangement, each with four horizontal-tail locations.
The lowest and the highest tail positions were 0.208 semispan below
and 0.556 semispan above the body center line, respectively. Tests
were also made with the horizontal tail off and with both the hori-
zontal and the vertical tails oft. Results were obtained for the mid-~
wing configuration (tails off) for dihedral angles of -3°, 0°, and 3°.

For the tests, the model was mounted on a rotary-type sting support
providing roll angles from 0° to 90° through an angle range of the sting
from 0° to about 18°. A resolution of these angles provides the aero-
dynamic characteristics in combined pitch and sideslip. Six components
of forces and moments were measured by an internal balance. The basic
data are presented in this report without analysis.
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INTRODUCTION

The experimentally determined effects of wing and tail pdsition on
the aerodynamic characteristics of generalized aircraft configurations
can be of considerable usefulness to the designer in the estimation of
the stability and performance of similar specific configurations. In
&.Qui.b.LU.ll, such generanzeu resultis may be useful in the verification of
various calculative methods for the prediction of the aerodynamic char-
acteristics of airplanes. A considerable amount of such experimental
data is available at low speeds (refs. 1 to 5, for example), wherein
the influence of both plan form and positions of wings and tails has
been determined from wind-tunnel tests of models simulating high-speed
aircraft. Slmilar investlgatlons have been extended to hlgh subsonic
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the effects of tail location on the longitudinal characteristics of

some rocket-propelled models have been obtained through the transonic
speed range (refs. 10 and 11). Only a limited amount of such experi-
mental data is available at present in the supersonic speed range. One
example is the investigation reported in reference 12, in which the
effects of wing vertical location on the longlitudinal characteristics

of wing-body combinations were determined in the Mach number ranges from
0.61 to 0.91 and from 1.20 to 1.90.

In order to provide additional results of general interest to the
designer for the supersonic speed range, an investigation has been
conducted in the Iangley 4- by 4-foot supersonic pressure tunnel at a
Mach number of 2.01 to determine the effects of varying vertical loca-
tions of the wing and horizontal tail on the longitudinal and lateral
aerodynamic characteristics of a complete model having both wing and
tail swept back h5°. The basic results, without analysis, are presented
herein.

SYMBOLS

The results are presented as standard NACA coefficients of forces
and moments. The data are referred to the stability-axis system (fig. 1)
with the reference center of moments located at 25 percent of the wing
mean geometric chord.

The symbols are defined as follows:

Cy, lift coefficient, -2/qS

Cx longitudinal-force coefficient, X/qS

ol LRy
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lateral-force coefficient, Y/qS

yawing-moment coefficient, N/qSb

rolling-moment coefficient, I/qSb

pitching-moment coefficient, M'/qSE
force along Z-axis

force along X-axis

force along Y-axis

moment about Z-axis

moment about X-axis

moment about Y-axis

free-stream dynamic pressure

wing area including body intercept
aspect ratio

wing span

wing mean geometric chord

angle of attack, deg

angle of sideslip, deg

angle of roll, deg

taper ratio

wing geometric dihedral angle, deg
angle of sweepback, deg

horizontal-tail incidence angle, deg
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MODEL AND APPARATUS

Ly
A drawing of the model is shown in figure 2 and the geometric
characteristics of the model are presented in table I.

The model fuselage was a body of revolution having a length-
diameter ratio of about 11 and was composed of an ogive nose, a cylin-
drical midsection, and a slightly boattail rear section. The wing had
459 of sweepback at the quarter-chord line, an aspect ratio of k, a
taper ratio of 0.2, and NACA 65A004 sections in the stream direction.
The horizontal tail had 45° of sweepback at the gquarter-chord line, an
aspect retio of 4, a taper ratio of 0.6, and NACA 65A006 sections in
the stream direction. The model was equipped with a vertical tail
which had a small ventral fin and employed relatively thick slab-type
sections to facilitate mounting of the horizontal tail. The position
of the horizontal tail could be changed from a position below the body
on the ventral fin (0.208b/2 below body center line - designated tail
position 4) to three positions above the body on the vertical tail
(0.208v/2, 0.382b/2, and 0.556b/2 above body center line - designated
as tail positions 3, 2, and 1, respectively). The uppermost location
(tail position 1) was atop the vertical tail corresponding to a T-tail
arrangement. Provisions were made for varying the incidence angle of
the horizontal tail. The model was so designed that the wing position
could be changed from a position flush with the underside of the body
to the body center line or to a position flush with the upper surface
of the body. The high- and low-wing positions were achieved by merely
inverting the same wing. Filgure 3 shows various positions of the
horizontal tail.

The midwing was composed of two separate panels. The geometric
dihedral of the wing in this position could be varied from 0° to either
30 or -3°. The dihedral angle was O° for the high and low wings and
the wing incidence angle was 0° for all wings. The horizontal-tail
incidence angle was zero for all configurations presented herein with
the exception of the low-wing configuration with the tail below the
body (tail position 4), for which the incidence angle was -3°.

Force measurements were made through the use of a six-component
internal strain-gage balance. The model was mounted in the tunnel on
a rotary-type sting. The range of the sting incidence angle was varied
from O° to about 18° for roll angles of 0°, 15°, 30°, 45°, 60°, T5°,
and 90°.
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The condi

Mach number .

TESTS, CORRECTIONS, AND ACCURACY

tions for the tests were:

Stagnation temperature, OF . .

Stagnation pre

ssure, lb/sq in. abs .

Reynolds number based on @ . . . . .

- - - -

2.01
110
12

1.84 x 106

The stagnation dewpoint was maintained sufficiently low (-25° F or
less) so that no condensation effects were encountered in the test

section.

The sting angle was corrected for the deflection under load. The
Mach number variation in the test section was approximately +0.01 and
the variation of the flow angle in the vertical and horizontal planes

did not exceed

about +0.1°.

The base pressure was measured and the

longitudinal force was adjusted to a base pressure equal to the free-
stream static pressure.

The estimated errors in

follows:

Cy, - .

Cx . .

Cm .

Cy - . .

Cn

Cy - - .

iy, deg

a, deg .

B, deg . -

g, deg . . .
The data

PRESENTATION OF

figures are presented in

RESULTS

the following

manner:

-

the individual measured quantities are as

10.008
+0.002
+0. 0004
+0.001
+0.0005
+0. 0004

0.2

t0.2
to.2
t0.2
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Figure |Wing |T', deg|Vertical tail |Horizontal-tall position
4 Low 0 off off
-5 Low 0] On off
6 Iow 0 On 1
T Low 0] On 2
-8 Low 0 On 3
9 |Low 0 On L
10 Mid 0 off off
11 Mid 0 On off
12 Mid 0 On 1
13 Mid 0] On 2
14 Mid 0 On 3
15 [(Mid 0 On y
16 |[High 0 Off off
17 |High 0 On off
18 |{High 0 On 1
19 |High 0 On 2
20 |High 0 On 3
21 |High 0 On 4
22 Mid -3 off off
23 Mid 3 off off

The basic results for each configuration are presented for roll
angles @ of 0°, 159, 309, 459, 60°, T75°, and 90° through a range of
sting angle from 0° to about 18°. The results at @ = 0°, of course,
represent the usual longitudinal data, that is, the variation of the
coefficients with angle of attack up to a = 18° at B =~ OO; whereas
the results at ¢ = 90° represent the variation of the coefficients
with angle of sideslip up to p = 18° at o = 0°. For roll angles
between O° and 90° the sting angle i and the roll angle @ have
been resolved to angles of attack o and angles of sideslip p through
the following relations (ref. 13):

tan a
sin B

cos @ tan 1
sin @ sin 1

non

Hence, for a given roll angle, two curves are presented for each
coefficient - the plain symbol (see fig. 4(b), for example) representing
the coefficient variation with o and the flagged symbol representing
the variation with pB. By crossreading the results for each roll angle
at different constant angles of attack, it is possible to obtain the
variations of the coefficients with B for the constant a selected.
An example of this procedure is included for the combination of low
wing and body. The tabulated results for this configuration (obtained
from fig. 4) are presented in table II, and the variation of the various

O
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serodynamic coefficients with sideslip for several angles of attack
is shown in figure 2k.

Numerous types of analyses, of course, are possible, but in order
to expedite publication of these results, none are included in this
data report.

Tangley Aeronautical Iaboratory,
National Advisory Committee for Aeronautics,
langley Field, Va., November 17, 195k.
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TABLE I

GEOMETRIC CHARACTERISTICS OF MODEL

Wing:

Area, sq In. . o & ¢ v i 4t e i e e e e e e e e e e e e e 14
SPaN, IMe o o & o o & o 4 4 e e e e e e e e e e e e e e e e 24
Root chord, in. . . & ¢ ¢ ¢« v ¢« ¢ o o o & o o 0 e e e e e .o 10
Tip chord, in. . . . . ¢ « ¢ & 4 o ¢« e 4 e e e e e e e e 2
Taper ratio . « ¢« ¢ ¢ ¢ o« v e v e e e e e e e e e e e e e 0.2
Aspect ratio . . . v 4 4 v et t e e e e e e e e e e e e 3
Mean geometric chord, in. . . . « « « « « ¢« o « o+« o . . . 6.8
Spanwise location of mean geometric chord, percent

wing SemiSPam . . « o = « o & 4 s 4 e e e 4 e e e e e e e 38.9
Incidence, deg . « « « « o ¢ o s « s 4 4 s 4 s . s s e 4 e s
Sweep of quarter-chord line, deg . . . . « « « « « .+ - . h5
Section........................NACA65AOOLL

Horizontal tail:
Areg, SQ iN. « « « « « 4 4 4 4 e e e e e e e e e e e ... 286
Span, 1n. . .+ + « 4 v 4 e 4 e e e e e s e e e e e e e e e o. . 10.73
Root chord, in. . . « & « v o« o o o v o o o o o o o o o« « .« 3355
Tip chord, IM. « « o + o o o & o o+ 4o e o 4 e e e e e . . . 2.012
Taper T8EI0 « « o & & o o o ¢« 4 e e e e e e e e e e e e 0.6
Aspect ratio . . . . . . . . e e e e e e e e e e e e e 4
Sweep of gquarter-chord line, deg e e e e e e e e e e e e 45
SECtION « « « « + « + ¢ & 4 o 4 & & o o s+ o+« « . . NACA 65A006

Vertical tail (excluding ventral fin):

Area to body center line, sq in. . . . « . « « + « . . . . . h3.5
Span from body center line, in. . . . . + « . « « « « « . . . T.48
Root chord, in. « « o o « v v v 4 o o v e o v e e e e e 817
Tip chord, il « « & o« = & & & o o o o o o o o o o o« o« o B.hk
Taper TREIO + « ¢ ¢ ¢ & v v v o 0 e e e e e e e e e e e e e 42
Aspect ratio . . . . . e e e e e e s e e e e e e e e e e 1.29
Sweep of leading edge, deg e e e e e e e e e e e e e e . 35
Section « ¢« v ¢ v s e e e e e e e e e e e e s Wédge nose, slab side
with constant thick-

ness of 0.437 in.

Ventral fin:
Exposed ares, 8Q il « v v « & & « 4 & 4 e 4 4 e e 0 o ... 8.5

Body:
Tength, iM. . v v v 4 v v 4 e e e e e e e e e e e e e e e .. 36,50
Diameter (maximum), in. . . « « « ¢ « ¢ o+ o 4 o e o o s oo 333
Diameter (base), M. « o « + s ¢ « o o o o 0 s 4 4w ... 2.67
Iength-diameter r8ti0 « « « « « + « « v 4 4 4 4 4w . v . . . 10.96
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TABLE II

AT COMBINED ANGIES OF ATTACK AND SIDESLIP

TABULATED RESULTS FOR COMBINATICN OF LOW WING AND BODY

p, degla, deg|p, deg| 1, | Cm Cx | C Cn Cy
0 )y 0 0.186 |-0.035|-0.033 |0 -0.0001 |-0.0002
0 8 0 .33%| -.056| -.064{-.0001f -.0001| O
0 12 0 480 -.072| -.120]-.0003| O 0
0 16 0 6251 -.078| -.194|-.0005| -.0001| O
15 L 1.0 .170}| -.0%6| -.031| .000%| -.003 | -.005
15 8 2.1 .3251 -.060] -.064! .0001} -.006 | -.010
15 12 2.9 A470| -.079) -.120]|-.0017| -.009 | -.015
15 16 L.2 .625| -.080| -.192|-.0051| -.0108| -.035
30 L 2.3 .155]| -.0%36| -.030| .0005{ -.005 | -.006
30 8 4.6 .305| -.063| -.062| .0009| -.011 | -.020
30 12 6.8 Ahs5) -.082) -.112(-.0020| -.0156| -.045
30 16 8.9 .560| ~-.072]| -.179|-.0085| -.015 | -.095
L5 L k.o 1751 -.038] -.030| .0015{ -.008 | -.017
45 8 8.0 .330{ -.070] -.064| .0018| -.016 | ~-.040
45 12 }11.8 .675| -.080] -.114(-.0040] -.021 | ~-.100
60 L 6.8 .205| -.O47} -.034| .0035| -.012 | ~-.020
60 8 113.6 .390| ~.078| ~.073| .0012] -.02% | -.100
I 75 Y k.7 .220| -.060| -.034| .0085| -.026 | -.115
[ 90 0 4.0 .005| -.007| -.190{ .0040O| -.0065| -.0200
4 90 0 8.0 .006] -.021} -.190| .0080| -.0130| -.0450
| 90 0o |1iz.0 .003| -.031| -.190{ .0123} -.0210| -.083%0
90 0 |16.0 |-.020| -.020| -.190| .0164| -.0290| -.1360

11
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Relative win'd

Figure 1.- System of stability axes. Arrows indicate positive directions.



A A A Section
Wing 4 45° .2 NACA 65A004
Stabilizer. 4 45° .6 NACA 65A006

Figure 2.- Three-view drawing of model.
otherwise noted.
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27250
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All dimensions in inches



(a) High wing; horizontal-tail location 1.

Figure 3.- Photographs of model.
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(b) High wing; horizontal-tail location k.

Figure 3.- Continued.



(c) Midwing; horizontal-tail location 2.

Figure 3.- Continued.
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(d) Low wing; horizontal-tail location 3.

Figure 3.- Concluded.
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(c) ¢ = 30°.

Figure 4.- Continued.
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(g) ¢ = 90°.

Figure 4.- Concluded.



(2) ¢ =0°.

Figure 5.- Aerodynemic characteristics at various roll angles. I
horizontal tail off. Flagged symbols are for variations with
unflagged symbols are for variations with a.
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